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Rosa damascena Mill (Damask rose), belonging to the Rosaceae family, is known for medicinal purposes in traditional medicine
system. However, its anticancer activity has not been studied yet in detail. Herein, we aimed to investigate the cytotoxic effects
of R. damascena hexane (RA-HE) and methanolic (RA-ME) extracts against human breast (MCF-7), lung epithelial (A-549),
and cervical (HeLa) cancer cells. The RA-HE and RA-ME showed more potent cytotoxic effects against HeLa cells with an ICs,
of 819.6 and 198.4 ug/ml, respectively. Further, cytotoxic concentrations of most effective extract (RA-ME) were used to evaluate
the mechanism of cytotoxicity involved in HeLa cells. A concentration-dependent induction of lipid peroxidation (LPO) and
reduction of glutathione (GSH) in HeLa cells treated with 250-1000 ug/ml of RA-ME confirms the association of oxidative
stress. We also detected a noteworthy increase in reactive oxygen species (ROS) production and a decline in mitochondrial
membrane potential (MMP) level in RA-ME-exposed Hela cells. Flow cytometric data showed a strong dose-response
relationship in cell cycle analysis between subGl phase in HeLa cells and RA-ME treatment. Similarly, a concentration-
dependent increase was recorded with Annexin V assay in HeLa cells going to late apoptosis. In conclusion, our findings suggest
that RA-ME-induced cytotoxicity and apoptosis in HeLa cells are mediated by oxidative stress.

1. Introduction

Cancer is the second leading cause of the mortality world-
wide and is main health problem globally because of the
uncontrolled cell growth [1]. Cancer elaborates uncontrolled
growth of normal cells triggered by genetic changes and var-
iabilities, subsequent in the production of malignant cells,
and initial of development of secondary malignant growths
[2]. These genetic changes could be due to the exposure of
pesticides, smoking, absorption of carcinogenic chemicals,
or alterations in the immune system and hormonal balance
[3]. As cancer is typically detected at an advanced stage, the
diagnosis is poor and treatment is mainly unsuccessful [4].

The deficiency in early detection and lack of effective thera-
peutic agents are the foremost causes of poor cancer control
and diagnosis [5]. The treatment of cancer includes chemo-
therapy, surgery, and/or radiation. Various chemotherapeu-
tic agents often used have been found to be less effective
and are associated with severe side effects such as damage
to normal cells [6]. Hence, the search for alternative thera-
peutic effective agent with less side effects is needed. Globally,
after breast and colon cancer, cervical cancer is the third lead-
ing malignancy among women [7]. Cervical cancer is one of
the most common cancers in female living in middle- and
low-income countries [8]. Although incidence and death
rates have been declined in past decades, but due to the
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population aging, the number of new cases and mortality has
increased by 0.5%/year [9]. Because of population and aging,
estimated number of new cases is expected to increase by
2025, if incidents remain the same at 2002 [10]. Further, in
order to broadly report this serious health problem, initial
recognition and medicine with clinical efficacy are to be
required. The field of natural product research has become
one of the most interesting subjects in the advancement of
novel therapeutic agents [11]. Plants have played a leading
role in the old system of remedy with particularly elongated
history in the treatment of cancer diseases [12]. A number
of plant extracts such as cotinus coggygria [13], Aristolochia
ringens [14], Tabernaemontana divaricate [15], and Artemi-
sia annua [16] have been reported to possess cytotoxic effects
against HeLa cells. The earlier studies have demonstrated
that the cytotoxic phytochemicals are capable to induce
apoptosis/necrosis by obstructing different signaling path-
ways, which leads to cell cycle arrest and cell death [17].
Cancer cells have several molecular mechanisms to
improve and suppress apoptosis that plays key role in can-
cer development [18]. Therefore, induction in apoptosis/-
necrosis by cytotoxic agents can be a fundamental
beneficial method towards cancer chemotherapy [19]. Rosa
damascena Mill L (Damask rose), known as Gole Moham-
madi, is one of the most important species of Rosaceae
family. R. damascena, an ornamental plant, is primarily
cultivated for the use in food industries and perfumes
[20]. Apart from these, this plant is also being used for
medicinal purposes in traditional medicine system [21].
A number of products and isolated constituents from
seeds, flowers, and petals of R. damascena have been stud-
ied in different in vivo and in vitro model systems [22].
The beneficial effects of R. damascena extracts have been
established for the management of menstrual bleeding
and digestive problem [23], cough [24], gentle laxative
[25], analgesic [26], brain function [27], and cardiovascu-
lar function [28]. The antioxidant [29], antimicrobial
[30], anti-HIV [31], antidiabetic [32], antiageing [33],
and anti-inflammatory [34] activities of R. damascena have
also been well-documented. There are few reports that
reveal that R. damascena extracts and oils induced cyto-
toxic effects against various cancer cell lines [35-38]. In
another study, the cytotoxic potential of the leaf bud and
flower extracts of Crataegus microphylla plant of Rosaceae
family against HeLa cells have also been reported [39]. But
there has been only limited investigation on the cytotoxic
effects of R. damascena; however, detailed mechanistic
studies have not been conducted yet. Therefore, this study
was conducted to investigate the mechanism(s) of cytotox-
icity induced by R. damascena against three different car-
cinoma cell lines, ie., human breast (MCF-7), human
lung epithelial (A-549), and human cervical (HeLa). In
this study, firstly, we screened the cytotoxicity of hexane
(RA-HE) and methanolic (RA-ME) extracts of R. damas-
cena using MTT assay, neutral red uptake assay, and mor-
phological changes. Secondly, the cytotoxic concentrations
of most effective extract were used to evaluate the mecha-
nism involved in the cytotoxicity against sensitive cancer
cells, HeLa.
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2. Material and Methods

2.1. Chemicals and Culture Medium. Cell culture medium
(DMEM) with high glucose, sodium bicarbonate, MTT, neu-
tral red, Rhodamine (Rh123), and 2',7’-dichlorofluorescin
(DCE-DA) dye was procured from Sigma Aldrich, USA. Fetal
bovine serum (FBS), antibiotic-antimycotic (100x solution)
(Cat. No. 15240-062, Gibco), and trypsin were procured from
Gibco, Life Technologies, USA. Flow cytometric kits were
purchased from Backman Coulter, USA. All other specified
chemicals and reagents were obtained from Sigma Aldrich,
USA, unless indicated otherwise.

2.2. Cell Culture. Human breast adenocarcinoma (MCEF-7),
human lung epithelial (A-549), and human cervical carci-
noma (HeLa) cell lines were obtained from American Type
Culture Collection (ATCC), USA. The cell lines were grown
in DMEM with 10% FBS and 1% antibiotic solution. All cell
lines were maintained in 25 cm? flasks at 37°C in a humidified
atmosphere containing 5% CO,.

2.3. Plant Collection and Extractions. The fresh R. damascena
flowers were collected from a rose farm, Taif, Saudi Arabia.
The roses were cut into small pieces, air-dried under shade
at 25°C, and converted into a course powder. The extraction
was done by maceration. Briefly, 10 g of powdered R. damas-
cena was extracted with hexane and methanol, respectively.
Then, the filtrate was collected in a beaker by filtration and
dried at 40°C in a rotary evaporator. The extracts were sepa-
rately obtained, and the dried hexane extract was named as
RA-HE and methanolic extract as RA-ME. Both the extracts
were stored at 4°C until further use. The extracts were diluted
in dimethyl sulfoxide (DMSO) for bioassays. The final con-
centration of DMSO used in the assays was 0.02%.

2.4. Cytotoxicity Experiments. The in vitro cytotoxicity of RA-
HE and RA-ME against MCF-7, A-549, and HeLa cells was
determined by MTT, neutral red uptake, and cell morphol-
ogy assays [40].

2.5. MTT Assay. Briefly, cells were seeded into a 96-well cul-
ture plate at 1x 10* cells in each well. Cells were then
exposed to varying concentrations (0-1000 ug/ml) of RA-
HE and RA-ME. The plates were placed in a humidified 5%
CO, incubator for 24h. Then, MTT solution (10ul of
5mg/ml MTT stock) was added to each well and incubated
for 4h. The colored formazan crystal formed was dissolved
in dimethyl sulfoxide. Finally, absorbance was measured at
550 nm using microplate reader [40].

2.6. NRU Assay. Following the protocol [40], the NRU assay
was performed. In brief, all the cells were plated in a 96-well
plate at a density of 10,000 cells/well. Then, cells were
exposed to varying concentrations (0-1000 yg/ml) of RA-
HE and RA-ME for 24 h. The cells were then incubated for
3h in a medium supplemented with 50 ug/ml of NR dye.
After incubation, the plates were washed and dye was
extracted in ethanol: acetic acid: water (50:1:49). Finally,
absorbance was measured at 550 nm using microplate reader.
All the assays were performed in replicates for each RA-HE
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and RA-ME concentrations. Three replicates were examined
in each experiment. The percent cell viability was calculated
as follows:

%survival = mean experimental absorbance/mean control absorbance x 100.

(1)

2.7. Morphology Assay. To analyze the cell morphology
induced by RA-HE and RA-ME in MCF-7, A-549, and HeLa
cells, 1 x 10* cells were seeded into a 96-well culture plate.
After 24 h of exposure, alterations in the cellular morphology
were observed at 20x magnification using a light microscope
(Olympus, CKX41, Japan).

2.8. Oxidative Stress Measurements by LPO and GSH. To
measure the LPO and GSH content, HeLa cells were plated
in 6-well plates at 1 x 10° cells in every well. The cells were
then exposed to 250, 500, and 1000 yg/ml of RA-ME for
24 h. After treatment, control and treated cells were harvested
and sonicated and total protein was measured by Lowry et al.
[41]. The LPO content in HelLa cells was measured by
TBARS (thiobarbituric acid-reactive substance) method
[42], and GSH content was measured according to the
method of Chandra et al. [43].

2.9. Reactive Oxygen Species (ROS) Measurements. The intra-
cellular ROS level in HeLa cells was determined by DCF-DA
fluorescence dye following the method described earlier [44].
Briefly, HeLa cells were seeded into 24-well plates with a den-
sity of 2x 10* cells/well in complete medium. Then, cells
were exposed to 250-1000 ug/ml of RA-ME for 24h. After
that, cells were rinsed with PBS and then incubated with
20 uM of DCF-DA dye in dark for 1h. The qualitative ROS
level was examined under the microscope, and qualitative
fluorescence of cells was measured by fluorescent reader at
485/530nm  excitation/emission  (Fluoroskan  Ascent,
Thermo-Scientific, Finland).

2.10. Mitochondrial Membrane Potential (MMP) Analysis.
Rhodamine 123-based fluorescence measurement was used
to analyze the alterations of MMP in HelLa cells after the
exposure of RA-ME using the method [44]. Briefly, HeLa
cells were plated in 24-well plates with a density of 2 x 10*
cells in each well. Then, cells were treated with 250-
1000 pg/ml of RA-ME for 24 h. After that, cells were incu-
bated with 10 yg/ml of Rh123 dye for 60min in the dark
and fluorescence of MMP was analyzed under fluorescence
microscope. The quantitative measurements of MMP in
HelLa cells were done by measuring the plate at 485/530 nm
excitation/emission.

2.11. Cell Cycle Analysis. To analyze the cell cycle arrest
induced by RA-ME, HelLa cells (5x 10* cells/well) were
seeded in 24-well culture. Cells were then exposed to 250-
1000 pug/ml of RA-ME for 24h. After treatment, cells were
rinsed with PBS and fixed in 70% cold ethanol for 1h. Fur-
ther, cells were rinsed and dispersed in a staining solution
containing 50 yg/ml propidium iodide (PI) and 50 pug/ml
RNase A. After incubating at room temperature for 1h, dis-

tribution of cells in each phase of cell arrest was examined
by PI staining using Beckman Coulter Epics XL-MCL flow
cytometer.

2.12. Apoptosis Assay. Apoptosis analysis in HeLa after the
exposure of RA-ME was performed using commercially
available Annexin V-PI apoptosis kit (Beckman Coulter,
USA). Briefly, HeLa cells were plated in culture plate and
treated with 0, 250, 500, and 1000 ug/ml of RA-ME for
24h. After treatment, cells were collected and washed with
chilled PBS. After centrifugation, the cell pellet of control
and exposed cells was resuspended in 1x binding buffer con-
taining 10 ul of each Annexin V and PI for 20 min in the
dark. The distribution of apoptosis/necrosis cells was
recorded by using flow cytometer (Beckman Coulter Epics
XL-MCL).

2.13. Statistical Analysis. The data analysis was done by one-
way analysis of variance (ANOVA) using Dunnett’s test. The
level of statistical analysis selected was p < 0.05 unless indi-
cated otherwise. Results were expressed as mean + SD
obtained from three independent experiments.

3. Results and Discussion

3.1. Cytotoxicity. The cell viability of three carcinoma cell
lines, MCF-7, A-549, and HeLa, was assessed by MTT and
NRU assays after the exposure of RA-HE and RA-ME at 0-
1000 pug/ml for 24 h. The results showed that all the cell lines
responded to cytotoxic effects of RA-ME in a concentration
dependent manner (Figure 1). However, RA-HE has not
shown cytotoxic effects on MCF-7 and A-549 cells and less
cytotoxic effects on HeLa cells in contrast to RA-ME. RA-
ME at 500 and 1000 pg/ml significantly decreased the viabil-
ity of MCF-7 and A-549 cells. The cell viability was recorded
as 81% and 70% in MCF-7 and 72% and 48% in A-549 cells,
respectively, at 500 and 1000 pg/ml of RA-ME. However, a
significant reduction in the viability of HeLa cells was
recorded even at 100 yg/ml and above concentrations. The
cell viability was recorded as 71%, 37%, 25%, and 13% at
100, 250, 500, and 1000 pg/ml of RA-ME, respectively. The
RA-HE was also found to reduce the cell viability of HeLa
cells up to 75% and 39% at 500 and 1000 pg/ml, respectively.
NRU assays also revealed similar kind of cytotoxic response
of RA-HE and RA-ME against MCF-7, A-459, and HeLa
cells. The results showed that RA-ME reduced the viability
of all three cells in a concentration-dependent manner
(Figure 2). The viability of cells was found to be 83% and
72% in MCF-7, 70% and 45% in A-549, and 27% and 15%,
respectively, at 500 and 1000 yg/ml of RA-ME. However,
RA-HE was found to be noncytotoxic to MCF-7 and A-549
cells, but the viability was reduced to 73% and 42% in HeLa
cells at 500 and 1000 yg/ml. In contrast, RA-HE and RA-
ME were found to induce cytotoxicity only in HeLa cell line,
but RA-HE showed slightly less cytotoxic effects to HeLa cells
even at higher concentrations compared to RA-ME. There-
fore, RA-ME was chosen for further analysis in HeLa cells.
The half maximal inhibitory concentration (IC,) values of
RA-HE and RA-ME obtained on MCF-7, A-549, and HeLa
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F1Gurk 1: Cytotoxic potential of (a) RA-HE and (b) RA-ME against human breast (MCF-7), human lung (A-549), and human cervical (HeLa)
carcinoma cell lines. MCF-7, HeLa, and A-549 cells were treated with increasing concentrations (0-1000 pg/ml) of RA-HE and RA-ME for
24h. Cell viability was determined by MTT assay. Each diagram represents as mean + SD of three experiments. Significant difference *p <

0.5 and **p < 0.01 from the control.
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F1GURE 2: Cytotoxic potential of (a) RA-HE and (b) RA-ME against human breast (MCF-7), human lung (A-549), and human cervical (HeLa)
carcinoma cell lines. MCF-7, HeLa, and A-549 cells were treated with increasing concentrations (0-1000 yg/ml) of RA-HE and RA-ME for
24h. Cell viability was determined by neutral red uptake (NRU) assay. Each diagram represents as mean + SD of three experiments.

Significant difference *p < 0.5 and **p < 0.01 from the control.

cells are presented in Table 1. These findings were also sub-
stantiated by morphological observations. As shown in
Figure 3, RA-ME decreased the maximum density of HeLa
cells compared to MCF-7 and A-549 cells. In this study, we
used MTT and NRU assays to assess the cytotoxic potential
of RA-HE and RA-ME in MCF-7, A-549, and Hela cells.
These assays are routinely being used to screen the cytotoxic
potential of plant extract against cancer cell lines [45]. The
live cells reduced yellow MTT to purple formazan crystal
by mitochondrial dehydrogenase enzyme [46]. Neutral red
is a weak cationic weak dye which accumulates in lysosome
of living cells but not in dead cells by nonionic passive diffu-
sion [47]. The amount of dye taken up by cells is assumed to
be relative to the total number of live cells present. Our
results showed that MTT and NRU assays revealed a
concentration-dependent cytotoxicity of RA-HE and RA-

TaBLE 1: Inhibitory concentration (IC,,) of the RA-HE and RA-ME
on MCEF-7, A-549, and HeLa cell lines.

IC;, (ug/ml)

Cell lines RA-HE RA-ME
MCEF-7 >1000 >1000
A-549 >1000 961.5
Hela 819.6 198.4

ME against cancer cell lines. The results showed that RA-
ME at 100 ug/ml and above concentrations inhibits the cell
viability of HeLa cells. Our results are consistent with previ-
ous reports showing that alcoholic extracts of Rosa damas-
cena induced cytotoxic effects against HeLa cell line in the
range of 100-1000 pg/ml concentrations [36]. In our study,



Oxidative Medicine and Cellular Longevity

Control

e

MCE-7

HeLa

RA-HE (1000 pg/ml)

RA-ME (1000 yg/ml)
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for 24 h. The images were taken with magnification of 20x.
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F1GURE 4: RA-ME-induced oxidative stress in human cervical carcinoma (HeLa) cells. The cells were treated with increasing concentrations
(0-1000 pug/ml) of RA-ME for 24 h. (a) Percent increase in lipid peroxidation (LPO) level and (b) depletion in glutathione (GSH) level.

Significant difference *p < 0.5 and **p < 0.01 from the control.

methanolic extract of R. damascena (RA-ME) showed high-
est cytotoxic response in HeLa cell line with ICy,
~200 pg/ml, which is consistent with Artun et al. [13], who
have shown that methanolic extract of R. damascena exhib-
ited cytotoxicity effects on HeLa cells with ICy, of 265 ug/ml.
Other reports have also showed cytotoxic activities of Rosa
damascena and its ingredients against human prostate, lung,
and breast cancer cell lines [35]. Hagag et al. [48] have also
shown that Rosa damascena exhibited anticancer potential
against MCF-7 and HepG2 cells.

3.2. Oxidative Stress Measurements by LPO and GSH. Oxida-
tive stress is well-known to be associated with the molecular
mechanism of bioactive constitutes induced apoptosis and
cytotoxicity [49]. To study the role of oxidative stress in
RA-ME-induced HeLa cell death, we have performed the

LPO and GSH assays (Figure 4). Our results obtained from
LPO assay exhibited a significant dose-dependent increase
in the LPO in RA-ME-exposed HeLa cells. A 35%, 55%,
and 93% enhancement in LPO in HelLa cells was recorded
at 250, 500, and 1000ug/ml of RA-ME, respectively
(Figure 4(a)). Our results clearly showed that RA-ME signif-
icantly induced the LPO level in HeLa cells. Many studies
have also shown that plant extracts exhibited oxidative
stress-mediated cancer cell death by increasing the LPO
and decreasing the GSH activities [50, 51]. GSH plays a sig-
nificant part in the defense of cells on oxidative stress [52].
It has also been documented that cellular GSH level is an
important component for the activity of anticancer agents
[53]. In this study, we found that GSH level was significantly
reduced in RA-ME-treated HeLa cells. A maximum reduc-
tion of 64% was observed at 1000 pg/ml of RA-ME followed
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of RA-ME for 24 h. (b) Bar diagram showing percent induction in ROS generation. Significant difference *p < 0.5 and **p < 0.01 from the
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FIGURE 6: (a) Mitochondrial membrane potential (MMP) staining using Rhodamine 123 in control and treated HeLa cells with RA-ME. Cells
were exposed to 250, 500, and 1000 gg/ml of RA-ME for 24 h. (b) Bar diagram showing percent change in decreased mitochondrial membrane
potential. Significant difference *p < 0.5 and **p < 0.01 from the control.

by 30% and 8% at 500 and 250 pg/ml of RA-ME as compared
to untreated control (Figure 4(b)). The depletion in GSH
content in HeLa cells could be resulted due to the increased
intercellular oxidation of GSH or inhibition of GSH synthesis
by the plant extract. These findings suggest that reduction
in GSH level by RA-ME may contribute to increase of
ROS generation in the cells producing redox imbalance
which leads to oxidation of biomolecules causing cell
death. Similarly, Wageesha et al. [54] reported that treat-
ment of HeLa cells with “Le Pana Guniya” (LPG), a
well-known anticancer herbal medicine, caused depletion
in GSH level.

3.3. ROS Measurement. The increase ROS production has
been reported as one of the major causes of apoptosis in can-
cer cells and has been recognized into a promising therapeu-
tic approach for the cancer treatments [55]. Herein, we have
measured the quantitative and qualitative ROS production in
HelLa cells exposed to cytotoxic concentrations of RA-ME. As
shown in Figure 5(a), RA-ME significantly induced ROS gen-
eration in HelLa cells as examined by fluorescence micro-
scope. An increase of 29%, 68%, and 101% in ROS
generation was observed at 250, 500, and 1000 pg/ml, respec-
tively, in HeLa cells exposed to RA-ME for 24 h as measured
by using fluorescence spectrophotometer (Figure 5(b)).
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Based on obtained data showing an increase in ROS genera-
tion indicated that RA-ME-induced cytotoxicity and apopto-
sis in HeLa cells are mediated through ROS generation. The
increase level of ROS production has also been reported to
be involved in the process of anticancer mechanism of poten-
tial anticancer drugs [56] and plant extract-induced apopto-
sis in human prostate (CA-2B), human breast (MCF-7), and
human lung (PC-9) cancer cells [57].

3.4. MMP Analysis. Depolarization in MMP is known as one
of the properties of apoptosis progression in cells [58]. To
confirm this process, we measured the mitochondrial mem-
brane potential in HeLa cells. The cells were exposed to
RA-ME at 250-1000 pg/ml for 24h. As given in Figure 6,
the florescence images revealed a concentration-dependent
decrease in MMP (Figure 6(a)). The quantitative data also
exhibited that RA-ME decreased the MMP by 16%, 38%,
and 71% at 250, 500, and 1000 ug/ml, respectively
(Figure 6(b)). As observed here, a decrease in the intensity
of dye which indicated a disruption of MMP suggests that
the HeLa cell death induced by RA-ME is mitochondrial
dependent. The cytotoxicity and apoptosis responses
through disruption of MMP in other cancer cells have also
been investigated [59]. Numerous studies also revealed the
apoptotic possessions of Rosa species, such Rosa canina
extract in human colon cancer [60] and human lung and

prostate cancer cells [61] through depolarization in mito-
chondrial membrane potential.

3.5. Cell Cycle Analysis. The cell cycle arrest in HeLa cells
treated with R. damascena extract (RA-ME) was analyzed
by flow cytometer. As shown in Figure 7, there was a strong
dose-response relationship between subGl phase in HeLa
cells and RA-ME treatment. All the concentrations of RA-
ME used significantly increased the cell numbers in subGl
phase (apoptosis cells). After 24 h of treatment, percentages
of cells in subG1 phase were 4.21%, 74%, 84.6%, and 88.6%
in control in 250, 500, and 1000 ug/ml of RA-ME, respec-
tively (Figures 7(a)-7(d)). Our results showed that RA-ME
induced a dose-dependent accumulation of cells in G1 phase.
Consistent with our results, Kilinc et al. [61] in Rosa canina
extract arrested cell cycle of human lung and human prostate
cancer cells in subG1/GO phase. Similarly, one of the main
components of Rose, Geraniol-treated pancreatic cancer
cells, has also exhibited dose-dependent increases in the per-
centage of cells in subG1/GO phase of cell cycle and decreases
the cells present in G2/M phases [62].

3.6. Apoptosis Assay. To investigate the apoptotic effects of R.
damascena extract (RA-ME) on HeLa cells, the flow cytomet-
ric analysis was performed. Apoptosis analysis was done
using Annexin V-PI apoptosis assay. As shown in
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FIGURE 8: Representative flow cytometry analysis results obtained from Annexin V-FITC/PI assay. The HeLa cells were exposed to RA-ME at
250, 500, and 1000 pg/ml for 24 h. Percentage of early apoptotic, late apoptotic, and necrotic cells are shown by the scatter plots.

Figures 8(a)-8(d), a dose-dependent increase in the percent-
age of late apoptosis (quadrant 2) cells was found in HeLa
cells. The percentages of apoptosis cells in untreated control
and RA-ME-treated cells (quadrant 2) were 1.21%, 59.3%,
81.3%, and 88.9% in 0, 250, 500, and 1000 pg/ml, respectively
(Figures 8(a)-8(d)). Our results showed that RA-ME induces
cellular apoptosis in human cervical cancer (HeLa) cells with
the increasing concentrations. These apoptosis cells show an
increase expression of Annexin V positive cells in RA-ME-
exposed HeLa cells compared to control. The maximum apo-
ptosis cells were found at 1000 pug/ml of RA-ME. Our results
are also supported by Khatib et al. [63], who have shown that

R. damascena oil induced cytotoxicity in gastric cancer cell
line (MKN45) through apoptosis mechanism. Turan et al.
[60] have also demonstrated that Rosa canina extract exhibits
concentration-dependent cytotoxic effects against human
colon cancer cells by inducing apoptosis. Induction in cancer
cell apoptosis has been extensively studied, making it an
important indicator for the development of anticancer agents
[55]. Earlier reports have also demonstrated that cytotoxic
phytochemicals either induced apoptosis or block the signal-
ing pathways, thus leading to cell cycle arrest or cell death
[64]. Cancer cells are known to possess molecular mecha-
nism that alleviates apoptosis which plays an important role
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in the progression of cancer [19]. Therefore, induction in
apoptosis induced by cytotoxic agents can be an essential
therapeutic method in the direction of cancer chemotherapy.

4. Conclusions

In conclusion, the present study demonstrated the mecha-
nism of R. damascena against cancer cells in vitro. Our find-
ings revealed that RA-ME-induced apoptosis and
cytotoxicity in HeLa cells are associated with oxidative stress
formation, ROS production, mitochondrial depolarization,
and cell cycle arrest. Based on results obtained in the present
investigation, we can assume that the cell death induced by
RA-ME in Hela cells is due to the oxidative stress. The cyto-
toxic effects of R. damascena observed in this study provide a
detail insight knowledge on it. However, further studies are
required to understand specific mechanism(s) involved in
R. damascena-induced cancer cell death.
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